Abstract: This paper presents an application of Charge Simulation Method for calculation of the electric field strength and the potential in the arbitrary shaped and positioned cavity of the dielectric body. The dielectric body can also have an arbitrary, but known shape. Several examples of the dielectric body with the cavity are presented. The whole system is in the homogeneous transverse electrical field. The results obtained in this way have been compared to the results obtained by the program's packages: Bela 1.0 and Quickfield 4.2 (Student's Edition).
Introduction
One of the mostly used methods for numerical solving of the electrostatic problems is Charge Simulation Method (CSM) or Method of fictitious sources (MFS) [1] . Basic idea of this method is that the electrodes are replaced by a discrete set of inner charge distributions, whose position and type are predetermined, but whose magnitude is unknown [2] . The unknown intensities of fictitious sources (FS) are determined to satisfy boundary conditions on the electrode's surfaces [3] . In that way, system of the linear equations with FS as unknown values is formed. After solving this system by standard methods, the unknown charges of the FS can be determined. Using standard electrostatic formulas the potential and the electric field strength can be computed. The correct choice of the type and the form of the FS is very important [7] . Point charges (for three-dimensional systems), line charges with constant density per unit length (for plan-parallel systems) and linear circular loops (for systems with axial symmetry), can be used for FS. Also, a very different and complex FS can be used depending on the problem geometry and on the experience of the investigator.
In this paper the CSM is applied for calculation of the electric field strength in the arbitrary shaped cavity of the arbitrary shaped dielectric body in the homogeneous transverse steady electrical field.
Application of the method
The whole system is divided in three FS systems. The FS are placed with respect to the cylindrical or the spherical surfaces (depending on the problem geometry). The first FS system is presented on Fig. 2 . For determination the potential outside the dielectric bodythe FS are placed inside the body. The second FS system (for determination the potential inside the dielectric body) is on Fig. 3 . The FS are placed outside the body and inside the cavity. For determination the potential inside the cavity, FS are placed inside the body (around the cavity) (Fig. 4) . The potential is given by
, where j q represents the (unknown) magnitude of the charge on the j th distribution, and ) (r p j is a coefficient that depends only on the type of the distribution and the position of the point r. The intensities of used FS can be determined after solving the linear equations satisfying the boundary conditions on the electrode's surface and on the surface, which separates layers (the dielectric layers and the cavity).
Numerical results
In order to demonstrate the application of the CSM several examples of the dielectric body with the eccentric cavity will be presented.
Example 1
It considers the dielectric circular cylinder with the eccentric circular cavity. The cylinder has radius a, eccentricity c, and radius of the cavity b (Fig. 5 ). Using the existing symmetry, 1 N fictitious sources are placed inside the body's volume, at points 
(
The potential outside dielectric cylinder can be expressed as 
Also, for determination the potential inside the dielectric body and inside the cavity, we formed two systems. The potentials for the second system are: 
and for the third system 
where (
) are positions of the fictitious sources for each system. By solving this system, the potential and the electric field strength are calculated. f determine positions of the fictitious sources. They should be neither close nor far from the cylindrical surfaces [6] .
For the input values:
, the results are shown in Table I and Table II . The results obtained using the Charge Simulation Method have been compared to the results obtained by the program's packages Quickfield 4.2 (Student Edition) [13] and Bela1. 0 [12] (Fig. 6 -7) .
In Fig. 7 MFS -curves are identical to Bela1. 0-curves. That agreement can also be seen from Table I and Table II .
Example 2
Using the Charge Simulation Method it is possible to determine the electric field strength and the potential inside the circular cavity of the dielectric cylinder with arbitrary cross-section. The dielectric cylinder with elliptical cross-section including an eccentric circular cavity is described by the semi-axis m and n, eccentricity c, and radius of the cavity b [10] .
The dielectric cylinder with the square cross-section and the eccentric circular cavity is presented on Fig. 8b and it is described by the side 2a, eccentricity c and radius of the cavity b. Like in the previous example, the whole system is derived in three systems. The line charges are used as fictitious sources. Using the boundary conditions we can form a system of linear equations. The unknown intensities of the FS can be determined by solving this system.
The program package Bela 1.0 gives the equipotential curves (Fig. 8 ). The potential and the electric field strength distributions in the eccentric cavity of the dielectric cylinder with the elliptical and the square cross-section are shown in Fig.9 and Fig. 10 , respectively.
The input values are:
(for the problem shown in Fig. 8a) .
For the problem shown in the Fig. 8b , the input values are: 
Example 3
The dielectric circular cylinder with the arbitrary shaped eccentric cavity is presented. Fig. 11a presents the dielectric circular cylinder including an eccentric cavity with the elliptical cross-section. The cylinder has radius a, eccentricity c and semi-axis of the cavity m and n.
The input values are;
The results are given in Fig. 12 . The dielectric circular cylinder with the eccentric cavity with square cross-section is presented on Fig. 11b and it is described by the radius of the cylinder a, eccentricity c and side of the cavity 2b. The input values are: 
Example 4
In the case of the dielectric sphere with the eccentric spherical cavity in the external steady homogeneous electric field using the same procedure we are used.
The point charges are used as the fictitious sources. We can form one mesh of the fictitious sources for each subsystem [9] . After solving the system of linear equations with FS as unknown values, the potential and the electric field strength can be calculated. The results are shown in Table III and Table IV . The potential and the electric field strength distributions are shown in Fig. 15 . Milko Kuilekov, colleague from Technical University in Ilmenau, calculated values for potential and electric filed strenght inside the sphere using program package FEMLAB [14] . That results are presented in Fig. 16 and Fig. 17 . Comparing the values from Table III and Table IV E is the value for the homogeneous transversal electric field.
Conclusion
In this paper, an application of the Charge Simulation Method for calculation of the electric field strength and the potential inside the arbitrary shaped cavity of the dielectric arbitrary shaped body in homogeneous transverse steady electrical field is presented. Theoretically, the precision of the solution depends on the number and position of the fictitious points, i.e. a higher precision can be realized by increasing the number of FS. Certain disagreement with the CSM results is product of the limited number of the nodes of the Student's Quickfield (max. 200 nodes).
We have found very good agreement with the results obtained by the program package Bela 1.0 (error rate is less then 2%).
Because the Department of Theoretical Electrical Engineering in Nis doesn't have any 3D program package, Milko Kuilekov, colleague from Technical University in Ilmenau, calculated values using program package FEMLAB. Comparing these results we have found very good agreement.
Using Method of fictitious sources we can calculate the electric field strength inside the arbitrary shaped cavity of the dielectric body for two-and three-dimensional problems.
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